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This research evaluates the important variables of the soil -
structure interaction problem. This problem has been defined 
in terms of two types of load redistribution: the load redistribu
tion between the structure and the soil, and the pressure redis
tribution across the structure. The pressure redistribution on 
the structure was found to vary as a function of applied surface 
pressure and the depth of burial, whereas the redistribution to 
the adjacent soil was found to be dependent upon depth of burial 
alone. The parameters affecting the soil-structure redistri
bution and the structural redistribution were correlated, and the 
significance of each is discussed. After the pressure redistri
bution mechanism was established by a seating pressure, which 
was dependent upon the depth of burial, the final attenuation of 
pressure varied with the burial depth for the structural redis
tribution and with the square root of the burial depth for the 
soil -structure redistribution. 

•NOT enough is known about soil -structure interaction to predict with any degree of 
accuracy the ultimate load-carrying capacity of culverts, pipeline casing, and other 
flexible thin-wall structures. In the design of such underground structures the soil pres
sures are usually based on empirical relationships which are not fully understood. If 
the loading on the underground structure is determined from classical earth pressure 
theory, great variations can be expected between the actual and the theoretical loading. 
These variations are the result of the underground structure deflecting and causing a 
reduction in the pressure transmitted to the structure with a corre1,ponding im:rease in 
the pressure transmitted to the adjacent soil. This phenomenon is known as the pres
sure redhstribution in bimaterial systems or as the arching phenomenon in soils. 

In the case of an underground structure deflecting under load, the soil at the center 
of the roof span of the structure displaces with respect to the soil over the supports and 
with respect to the adjacent soil in which it is buried. Because of this differential de
flection of the various parts of the structure and the relative flexibility of the soil and 
the buried structure, the arching phenomenon will occur as a redistribution of pressure 
between various segments of the structure and also as a redistribution of load from the 
structure to the adjacent soil. This simplification cf a very complicated problem, which 
involves the composite action of soil and structure, facilitates study of the pressure 
redistribution mechanism. The results of this study have been divided into two parts: 

1. The redistribution of pressure i1round thP. structure according to the relative flexi
bility of the structure and the adjacent soil (a mechanism which results in a greater 
proportion of the load applied to the soil-structure system being carried by the stiffer 
of the two components). 

2. The redistribution of soil pressure over the structure itself according to the rela
tive flexibility of the structure and the deflected shape of the structural system. 
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OBJECTIVES AND SCOPE 

The purpose of this study was to determine the important parameters governing the 
fundamental characteristics of soil-structure interaction, and to evaluate the quantita
tive effects of variations in the parameters on the amount and distribution of the pres
sure exerted on the structure by the surrounding soil. 

Results have been evaluated in such a way as to separate the two soil-structure in
teraction phenomena: distribution of soil pressure on the flexible roof panel, and re
distribution of pressure between the structure and the adjacent soil. The effects of depth 
of burial, magnitude of overpressure, and flexibility of the structure on these phenomena 
have also been evaluated. 

Two simply supported beams, designed to yield a two-dimensional condition, were 
placed at various depths under the soil in the pressure-loading apparatus. These beams 
were instrumented so that the flexural strains could be measured along their length. 
The distribution of moment along the axis of each beam was determined experimentally. 
The loading condition necessary to produce this moment was calculated; and the effects 
of the loading pressure, the depth of burial, and the flexibility of the structure were 
evaluated. 

HISTORICAL REVIEW 

Research Studies 

Several studies have been undertaken to evaluate the distribution of soil pressure on 
flexible underground structures. The first analytical study was made by K. Terzaghi 
in 1936 (1). This study, based on assumed failure planes, showed the effect of the de
formation of a buried structural element on the resulting applied soil pressure. The 
failure planes, along which relative movements are assumed and on which shearing 
forces are generated, are the imaginary vertical failure planes extending upward from 
the sides of the deforming structure. Terzaghi also assumed that the vertical pressure 
on any horizontal section through the soil was uniformly distributed. However, he 
pointed out the limitations of these assumptions and predicted that real failure planes 
might be considerably different than those on which the shearing forces were assumed 
to occur. 

In a study by Truesdale and Vey (2 ), the soil mass above a buried structure was treated 
as a gridwork of individual square eiements. The structure was selected for its flexi
bility so that the influence of arching would be predominant. In this approach the authors 
treated the soil mass as a free body subjected to specific boundary forces. They showed 
that for an analytical solution to be used to predict str uctural loading over a wide r ange 
of parameters (i. e., panel s tiffness, burial depth, soil type , etc.) it is necessary to ac
count for changes in the ratio of horizontal stresses to vertical stresses as the soil 
and structure interact. 

In recent studies, Chelapati (3) made an analytical investigation of the amount of 
uniform surface pressure that transferred to the adjacent material when a rigid hori
zontal support buried under a finite depth of elastic homogeneous material deflects 
downward. He obtained solutions based on the equations of plane strain in the form of 
infinite series. He established limits on the deflection of the support up to the point at 
which all the load on the support would be transferred to the neighboring material. He 
computed the amount of arching and the pressure distribution on the support for the 
mathematical model studied. 

In another study, Van Horn ( 4) used the theories developed by Spangler (5) (the 
Marston theory) for determining loads on underground conduits. Van Horn extended 
these theories to inclu<;l.e the effects of a static uniform overpressure and cohesion in 
the soil. 

Design Criteria 

The design of most underground structures subjected to heavy loading is based on 
criteria developed by Merritt and Newmark (6). The determination of the forces acting 
on the structure as a result of the surface loads depends on the type of structure (flat 
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Figure 1. Mode I structure. 

slab, arch, or dome), the shear strength 
of the soil, and the depth of burial. The 
design criteria were based on the small 
amount of data describing the response of 
underground structures and can be con
sidered as usually conservative estimates 
of the actual response. 

Other research conducted at the Re
search Institute of the Illinois Institute of 
Technology for the U. S. Air Force has led 
to the development of analytical expres
sions relating soil, structural, and blast
loading parameters to the failure of ini
tially flat, buried roof and wall panels (7 ). 
This theory considers structural failure 
under deformations sufficiently large to 
mobilize the resistance of the soil. It as
sumes that the buried structure will tend 
to deform under the soil pressures, but 
that collapse will not occur unless the soil 
can move with the panel to maintain the 
pressures. Since soil fails in shear, to 
obtain large relative movements of the 
soil, the shearing stresses in the soil are 
mobilized in the formation of the pressure 

redistribution mechanism. The shearing resistance in the region of soil surrounding 
the panel is limited by the load-deformation characteristics of the structure, since shear
ing resistance depends, in general, on the stress level. As the panel begins to yield, 
the soil-shearing resistance is mobilized. 

In the !ITRI research, no attempt was made to evaluate pressure distribution, but 
assumed pressure distributions were used in an attempt to correlate the theories with 
experimental results. Many questions concerning theory and design were raised in the 
IITRI study; among the most important are the problems of the actual pressure distri
bution on the structures and the differences between rigid and flexible structures. In 
an attempt to answer these questions, the following research was undertaken. 
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Figure 2. Experimental apparatus used to load the 
buried structure. 

EXPERIMENTAL CONSIDERATIONS 

Test Models 

In designing the model structures which 
were instrumented and buried in the load
ing apparatus, consideration was given to 
obtaining large deflections so as to have 
a pronounced arching effect in the soil. 
These structures "'yvcre apprcximately 24 
in. long, 10 in. wide, and 4 in. deep. A 
continuous aluminum plate, 24 in. long, 
served as the roof panel of the model 
stfuctur·e. A beam section; 2 in. Wide, 
was cut from the middle of the plate and 
instrumented to measure the moment along 
the beam length, which was also the width 
of the model structure (Fig. 1 ). 

The flexural section or test segment 
of the roof panel was cul out to eliminate 
the three-dimensional plate effect and 
thus yield an idealized two-dimensional 
structure system. 
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The test segments were 10 in. long by 
2 in. wide. The flexibility of the structure 
was varied by using two aluminum roof 
panels: one was constructed of 3/i6-in. thick 
plate and the other, of ¼-in. thick plate. 
The instrumented test beams were at the 
center of the model structure roof panel. 
The aluminum roof panel rested on a fixed 
steel channel, 24 in. long, in such a manner 
that the channel legs supported the roof 
panel and test beam. The length of the 
structure system was believed to be large 
enough to ensure a two-dimensional soil 
deformation and a two-dimensional soil
structure interaction system insofar as the 
response of the instrumented test beam 
was concerned. 

Each beam section was instrumented with 8 strain gages, 4 on top and 4 directly op
posite on the bottom along the length of the 10-in. beam. Gages were placed at the cen
ter of the beam, and at distances of approximately 2, 3, and 4 in. from the center. Be
cause of symmetry only half of the beam length was instrumented. 

Type A-7, SR-4 strain gages were used. The surface at each gage location was 
ground smooth with a portable grinder and cleaned with acetone before bonding the gages 
to the beam section of the roof panel. Duco cement was used as the bonding agent in 
attaching the gages to the aluminum plates. The gages were then connected to a BLH 
model N strain recorder through a Baldwin 20-channel switching unit (A and B in Fig. 
2) to facilitate easy reading of the four strain bridges. The strain gages, located op
posite each other on the top and bottom of the beam section, were placed on adjacent 
legs of the Wheatstone bridge so as to eliminate any axial strains present in the beam 
and to double the sensitivity of the flexural strains. Strains were read to the nearest 
5 µ-in. /in. Figure 1 shows the instrumented model structure ready to be placed in the 
pressure-loading apparatus. 

Properties of Soil 

The soil used was a dry, clean, medium sand whose grain-size distribution is shown 
in Figure 3. The angle of internal friction of the sand (¢) was found to be 40.8 deg from 
triaxial tests. The resulting Mohr envelope is also shown. 

The Simulator 

The simulator or pressure-loading apparatus is an airtight steel cylinder, 8 ft high 
and 30 in. in diameter. The bottom half of the simulator in which the model structure 
was buried is filled with the soil material and is approximately 24 in. deep. The upper 
half of the simulator is used to provide the air pressure for surface loading. The sim
ulator is constructed for the application of dynamic loads with an explosive gas mixture 
detonated in the upper half. However, in this study only static surface pressures were 
used; and this type of loading was obtained by introducing static air pressure in the 
upper cylinder, which exerted a pressure through an airtight membrane to the soil in 
the lower half (Fig. 2). The applied air pressure was measured by a mercury manome
ter (C in Fig. 2). The model s tructure was placed inside the lower half of the· simulator 
at depths varying from 0 to approximately 10 in. The soil around the structure was 
carefully tamped with a vibrator to eliminate any layering effect and to provide a homo
geneous soil mass. A thin rubber membrane, located on the surface of the soil, sepa
rated the air pressure from the soil and assured the application of the air pressure as 
an intergranular pressure on the soil grains and not as a pore pressure. 
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Figure 4, Experimental distribution of moment 
a long roof pane I. 

In Terzaghi's arching theory, a rmiform 
displacement is assumed along the yielding 
horizontal strip supporting a bed of sand. 
Terzaghi predicted a decrease in the total 
load on such a horizontal strip as it dis
places and that the load arches away from 
the center toward the supports. This re
distribution is even more important in a 
real world structure since, when a buried 
structure deforms under loading, the cen
ter of the roof displaces a larger amormt 
than the supports. The roof panel and the 
overlying soil then have a continuously 
varying displacement across the entire 
span rather than a rmiform displacement. 
Therefore, the shearing planes induced in 
the soil by the relative deformations will 
extend over the length of the roof panel 
and will not be concentrated at one point, 
i.e., at the support, as assumed by Terzaghi 
(1) and Spangler (5). These varying dis-
placements across the structure will result 

in redistribution of pressure over the structure, and it is obvious that the load arches 
away from the center toward the supports. 

It was formd in this research that the moment diagram varied with the pressure, de
flection, and depth of burial. It was also found that the moment diagram flattens and 
approaches a trapezoidal shape or a parabolic curve of higher degree as the surface 
load increases and the panel deflects. An example of the change in the moment diagram 
is shown in Figure 4. Therefore, it was assumed in this study that the load redistribu
tion mechanism transferring load away from the center toward the supports is the re
sult of a nonrmiformly varying load with a maximum at the supports and a minimum at 
the center of the span in the form of a parabolic pressure distribution. 

Theurelical Loading 

The parabolic pressure distribution assumed in this study is shown in Figure 5. This 
pressure distribution, in which the variables are the degree of the parabola (n) and the 
ratio of the pressure at the center to the pressure at the edge (o: ), yields generalized 
higher order moment equations as found experimentally. The general equation for the 
parabolic load distribution is 

' \ \ 

w 

' 

(-2)n (1 - a)W ( L )n 
W = X - 2 + aW 

L n ' - ' 

where 

w ~ loading on the structure/unit 
length; 

(1) 

L = length between supports= 9. 75 in.; 
n = degree of parabola= o, 1, 2, 3, 

4, ... ; 
W = maximum load at supports/unit 

length; 
o: = ratio of load at center to load at 

supports; and 

Figure 5. Assumed ioad distribution on structure. 
x = distance along the beam from 0 

to L/2. 
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(t = 3/ 16 in.). 

Eq. 1 for the assumed loading was 
then integrated twice, yielding an equa
tion for the moment in terms of the 
\mlmowns a anci n. 'T'hP. rP.sulting 
family of curves was plotted by assign

ing several values to a (between O and 1) for each value of n (from 2 to 5) and then plot
ting the resulting moment diagram as a percentage value of the center moment as ordi
nate and the length x along the beam as abscissa, as shown in Figures 6, 7, 8, and 9. 
The experimental moment curves were then compared with the theoretical moment curves. 
The best fit of the theoretical curves to the experimental data was used as the criteria 
for obtaining the load distribution factors a and n as shown in Figure 10. 

Once a moment equation was obtained which best fit the experimental points, the cor
responding load distribution diagram was assumed to depict the actual soil pressure 
distribution on the roof of the buried structure for the evaluation of the soil-structure 
and structural load redistribution mechanism formed by the deflection of the structure. 
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Evaluation of Soil-Structure Redistribution 

The first integral of the theoretical best-fit loaci 
diagram was used to determine the total load on the 
structure. This total load on the structure was then 
compared with the sum of surface pressure over 
the horizontal projection of the underlying structural 
element to determine the soil-structure redistribution. 

Evaluation of Structural Redistribution 

The pressure redistribution on the structure or 
structural redistribution is indicated by the factors 
a and n. The coefficient a indicates the total amount 
of pressure distributed away from the center of the 
beam. The factor n is a function of the change in the 
pressure diagram from the center to the edge of the 
the beam. The factor n is a function of the change 
in the pressure diagram from the center to the 
span and is indicative of the rate of change of the 
redistributed pressure. It is apparent that vi1rio11s 
combinations of a and n yield approximately sim -
ilar moment diagrams, but continuity was found to 
occur in the values with the magnitude of n increasing 
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and a decreasing, as the redistribution mechanism became more effective. Moreover, 
a smooth transition in values of a and n should occur, but because the graphically fitted 
moment curves were derived from Eq. 1 using whole integers for n and 1/a, a step var
iation was often apparent and has been averaged out in evaluation of the results. 

RESULTS AND DISCUSSION 

The variation in the soil pressure on an underground structure has been separated 
into two basic phases: (a) the "soil-structure redistribution" which varies according 
to the relative flexibility of the structure and the adjacent soil, and (b) the "structural 
redistribution" which varies according to the degree of flexibility of various parts of 
the structure and the deflected shape of the structural system. 

Phase 11 Soil-Structure Redistribution 

The experimental results are shown in terms of (PT), the total load above the buried 
structure which consists of the surface overpressure plus the weight of the overlying 
soil, and the actual load exerted on the buried structure (PB) as determined from sum
mating the load distribution diagram. 

Figure 11 illustrates the attenuation of the applied surface pressure (PT) versus 
pressure at bottom (PB ) for different burial depths of the 3

/ 18- in. thick structure. The 
rate of the attenuation or reduction in pressure increases with an increase in the sur
face overpressure and with an increase in the burial depth. This is indicated by the 
decrease in the slope of the PB versus PT curve as the pressure and depth increase. If 
the pressure redistribution is defined as the reduction of load acting on the roof panel 
of the buried structure with respect to the applied surface overpressure, then at small 
pressures the redistribution varies from 5 to 45 percent while at higher pressures the 
redistribution varies from 17 to 55 percent. 

For the ¼-in. thick panel (Fig. 12), the pressure redistribution for the more rigid 
structure is less than that for the more flexible. However, the same characteristics 
are noted for the effect of pressure and depth of burial for both types of structures. At 
small pressures from 1 to 10 psi, the redistribution in the stiffer structure varies- from 
5 to 30 percent. At pressures around 25-psi overpressure, the redistribution varies 
from 15 to 35 percent. At a depth greater than 4 in. or approximately 40 percent of the 
span length, there is little if any change in the attenuation of PB with increase in depth 
of burial. 

Both structures exhibit a maximum depth beyond which the total pressure on the 
structure did not continue to decrease but remained approximately constant. These 
larger depths of burial were not investigated because of the possibility of interaction 
of the soil with the restricting walls of the simulator. 

Phase 111 Structural Redistribution 

The second basic study consists of an evaluation of the soil pressure redistribution 
over the structure itself, according to its degree of flexibility. The pressure redistri
bution of the structure was determined by the ratio of the pressure at the center of the 
span to the pressure at the support (a) and the rate of change of the centroid of the pres
sure diagram from the center to the edge of the span (n). 

Pressure Redistribution (a)-Since a is indicative of magnitude of redistribution, and 
the formation of the redistribution mechanism depends on the soil deformation, it fol -
lows that redistribution results from the deflection of the structure. Moreover, the 
factor a should vary as the applied pressure varies since it is the applied pressure 
which causes the structure to deflect. This was evaluated by determining the relation
ship between the values of a for each pressure increment at each depth and at the ap
flied surface pressure. The results are shown in Figures 13 and 14 for the 3/is- and 
1/,dn. plates, respectively. It is evident that the depth of burial affects the amount of 
pressure necessary to form the redistribution mechanism, but once the mechanism is 
formed, the slope of the lines in Figures 13 and 14 yields the following relationship: 
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where the constant C0 depends on the depth 
of burial, and Ws is the applied surface 
pressure, 

It is apparent from a comparison of 
these figures that the constant C0 is con
siderably affected by the stiffness of the 
structure as well as the depth of burial. 
The redistribution mechanism can, there
fore, be formed for a flexible structure at 
only a fraction of the burial depth neces
sary Iu1· a more rigid slruclure. 

Rate of Redistribution (n)-Since n in
dicates the rate of redistributioni its value 
should depend on the degree of formation 
of the redistribution mechanism and the 
depth of burial which will determine the 
potential capacity of such a mechanism. 
For the assumptions made concerning the 

type of load after redistribution, the factor n determines the rate at which pressure is 
distributed to adiacent beam se!1'ments. This effect is shown in Fi!!Ure l!i. which in
dicates the increase in the rate ~of pressure redistribution which o;curs a~ the depth of 
burial increases. The lower values of n for the lower pressures show the smaller rate 
of redistribution which occurs in the early formation of the redistribution mechanism. 
As the pressure and, hence, deflection increase, the rate of redistribution increases to 
a maximum value which depends on the potential capacity of the redistribution me cha -
nism or on the depth of burial. The values should form a smooth curve, but the method 
of fitting the moment diagrams yielded abrupt changes in the values of n because of the 
whole numbers used for the parabolic degrees. It is also evident that both the stiffer 
and more flexible structures exhibited similar rates of pressure redistribution (n values) 
at each depth, although the stiffer structure required more surface pressure to form 
the pres sure redistribution mechanism. In general an average value of n can be taken as 

n = ¾ Z 

with a maximum value of n = 5. 
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Overall Structural Redistribution for Design Purposes 

The corresponding reduction in pressure at the center of the span, because of the 
redistribution to the edge and the rate of redistribution, results in a reduced value of 
design pressure for a buried structure. The overall effect of the redistribution of pres
sure can be evaluated by determining the equivalent uniform load necessary to obtain 
the same maximum moment measured experimentally at the center of the span. This 
method of analysis assumes that the load yields a second-degree moment diagram, but 
inasmuch as only the maximum value is used in design, little is lost by this assumption. 
The equivalent uniform load was obtained by 

8Mmax 
Weq = --

La 

where Mmax is the maximum moment at the center of the span (L). 
The variation in the equivalent uniform load at various depths of burial for increas

ing surface pressure is shown in Figures 16 and 17. The results indicate an equivalent 
value of uniformly distributed load which can be used in design to yield the same moment 
at the center as the actual nonuniformly varying parabolic pressure distribution. The 
slope of the curves has the same significance as discussed previously for Figures 11 and 
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Figure 18. Attenuation of equivalent uniform 
pressure with depth and surface pressure. 

12. The same increase in attenuation is 
indicated for increasing surface pressure 
and depth of burial. At surface pressures 
in excess of 5 to 10 psi, the redistribution 
mechanism is completely formed and the 
rate of redistributioh in this steady-state 
condition is dependent on the depth of burial. 

To show the rate of formation of the re
distribution mechanism, the ratio Weq/ 
W s was determined at various levels for 
each depth of burial. The results are shown 
in Figure 18, in which the resulting straight
line variation in attenuation (using log-log 
coordinates) yields the following relationship : 

ws 
Weq= -

zr 
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where r is a constant which depends on the surface 
pressure and has values between O and 1. Very 
small surface pressures will result in values of r 
greater than zero; however, the pressure necessary 
for large values for r (r :i,, 1) probably depends on 
the flexibility of the structure and may not be attain
able for relatively stiff structures. 

Comparison of Structural and Soil-Structure 
Redistribution 

As evidenced by the variation in total pressure 
as well as the pressure distribution on a buried 
structure with the depth of burial, surface pressure, 
and flexibility, the soil -structure interaction prob
le.ro is very complex. It has been s hown that the 
formation of the pressure redistribution mechanism 
depends on the relative flexibility of the structure. 
It has al.so been hypothesized that both the total 
pressure received by the structure and the amount 
of pressure equivalent to a uniform load in produc

ing moment reach a steady-state condition of attenuation once the redistribution mech
anism is completely formed. However, the amount of attenuation attributable to each 
type of redistribution is different. The final rate of redistribution for each phase of 
the soil-structure interaction problem is shown in Figure 19. The upper curves indi
cate the attenuation factor (K) for total load (PBf PT), and the lower curves indicate the 
attenuation factor (K') for the equivalent uniform load Weq/Ws for various depths o 
burial. The attenuation factor (K) for the total load was obtained as the final slope of 
the curves in Figures 11 and 12, and the attenuation factor (K') for the equivalent uni
form load was obtained as the final slopes of the curves in Figures 16 and 17. 

The curves in Figure 19 indicate the significantly larger attenuation resulting from 
the nonuniform pressure redistribution on the structure as compared to the attenuation 
of the total load received by the structure. Moreover, the effect of the structural flexi
bility is more apparent for the equivalent uniform load attenuation. In general the final 
loads used in the design of an underground structure can be written in the form 

or 

where s and u depend on the degree of formation of the pressure redistribution mecha
nism which, in turn, is a function of the relative flexibility of the structure and the ad
jacent soil. For the structures tested and the soil used, the maximum values of s and 
u for the more flexible (%6 in. thick) structure were found to be approximately½ and 1, 
respectively. These values yield a maximum attenuation condition of 

and 
Ws 

Weq = z 
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for the structures , depths of bur ial, and soil used. Similar approximate design criteria 
for the more r igid (1/. in. thick) structure are 

and 

Conclusions 

Ws 
Weq = 'Vz9 

CONCLUSIONS AND RECOMMENDATIONS 

The following conclusions may be established from the results of the structures, 
soils, and depths of burial tested: 

1. The loading on an underground structure subjected to the surface pressure can 
be assumed to vary as the structure deflects and the overlying soil is deformed. 

2. The deformation of the soil results in a redistribution of pressure away from the 
flexible areas to the more rigid regions of the structure and/or adjacent soils. 

3. The rate at which the redistribution of pressure (n) occurs depends on the depth 
of burial once the pressure redistribution mechanism forms. 

4. The magnitude of redistributed pressure (a) depends on the relative deflection 
between the stiffer and more flexible regions and can be related to the appliedpressure. 

5. Once the redistribution mechanism is formed, the redistribution of pressure oc
curs at a constant rate and the amount of pressure redistribution is proportional to the 
applied surface pressure. 

6. An equivalent uniform load, which can be used in design, incorporates both the 
rate and magnitude of redistribution and indicates that the structural redistribution is 
more effective in attenuating surface pressures than the soil-structure redistribution. 

Recommendations 

An attempt has been made to advance the basic knowledge of the response of under
ground structures to surface loading. Using the conclusions of this study and others, 
the following recommendations are made: 

1. That various materials be used as fill (back-packing) around the structuretofur
ther evaluate the type of redistribution mechanism formed during the soil-structure in
teraction phenomena. 

2. That this study be expanded to include large-scale structures for an evaluation 
of the scale factors and verification of design criteria. 

3. That a study be undertaken to evaluate the amount of pressure necessary to form 
the redistribution mechanism. 

4. That the effect of soil type on the soil-structure interaction problem be evaluated. 
5. That the effect of time rate of loading be studied. 
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